Overcoming the financial barriers to energy-efficiency (EE) investments requires efforts to 7 explicitly evaluate energy-related risks during the commercial loan underwriting. To support 8 such efforts, the objective of this paper is to suggest a novel target-setting practice that 9 borrowers and lenders collaboratively can use during the early stages of an energy-retrofit 10 project. The practice uses a simulation called Energy Retrofit Loan Analysis Model 11 (ERLAM) to determine the target-building performance and the allowable cost for design 12 and construction. Using a case study of an energy-retrofit project, this paper demonstrates 13 use of ERLAM by evaluating the impact of two identified energy-related uncertainties 14 (project-cost risk and operational-practice risk) on the financial performance of the 15 investment. This target-setting practice can help project parties gain greater understanding 16 and early confidence in the feasible size-and terms of a loan before moving to design 17
INTRODUCTION 25
Overcoming the financial barriers to energy-efficiency (EE) investments must be preceded 26 by a robust analysis that addresses energy-related risks inherent in such investments. To 27 improve the effectiveness of the analysis, we suggest that the borrower and the lender start 28 collaborating during the early stages of a project, before design development, to increase 29 their joint understanding about specific types of energy-related risks. Such understanding is 30 crucial for overcoming the said financial barriers. To support such collaboration, we present 31 an analytical exercise to evaluate the financial impact of EE investments while considering 32 their specific uncertainties. While we focus on EE investments for energy retrofits, we do not 33 intend to preclude our approach from applying to new construction as well. 34
35
Our premise is that early collaboration between project owners (borrowers) and their 36 lender(s) (represented by underwriters and appraisers) can help to develop confidence needed 37 to determine loan terms for their EE investments that are more favorable than may otherwise 38 be the case (Lee et al. 2012a; 2012b) . 39 40 related systems of the property, and on a business case developed using their criteria to assess 42 EE investments. Borrowers could use early feedback from lenders to determine their 43 allowable cost for design and construction, based on the available loan size. 44
45
To support the collaboration, this paper introduces a target-setting practice, implemented in a 46
model called Energy Retrofit Loan Analysis Model (ERLAM) that is based on Life Cycle 47
Cost Analysis (LCCA) and Monte Carlo Simulation. We used data from lenders as well as 48 from energy-simulation models to determine input variables and parameters for ERLAM. 49
50
To test ERLAM, we used data from a case study of an energy-retrofit project in a Northern 51
California office building that was funded by a construction loan and completed in 2011. At 52 completion, the building owner settled on a 15-year loan with a local commercial lender to 53 'take out' the construction loan. 54 55 ERLAM uses as input two reducible uncertainties associated with the case project: (1) the 56 project-cost risk and (2) the operational-practice risk. Then, ERLAM computes their impact 57 on the financial performance of the given 15-year loan, and outputs: (1) the target-building 58 performance of the building; and (2) the allowable cost of the project based on the target. 59
60
We wanted to conduct research, motivated by the well-recognized impact EE can have in the 62 built environment, yet recognizing that, when it comes to financing EE improvements, a 63 significant gap exists between public-and private commercial-building sectors. 64
65

ENERGY EFFICIENCY INVESTMENTS IN COMMERCIAL BUILDINGS 66
The US Department of Energy (DOE) (2009) 
FINANCIAL BARRIERS IN PRIVATE COMMERCIAL BUILDINGS 81
Despite the increased interests in EE and the initiatives led by the US government, investing 82 in EE improvements in the private sector appears to be hampered by various market barriers. 83 projects' accounted for 38% of market barriers, followed by 'inability of projects to meet the 85 organization's financial payback criteria' at 21%, and 'lack of certainty that promised 86 savings will be achieved' at 10%. The survey indicated that US-based organizations, more 87 than organizations in other countries, notably pointed out financing as their biggest barrier. buildings, intended to be of high performance, and compared these operational savings to 97 their corresponding design goals. In every building, energy savings fell short of their targets. 98
Current gaps in knowledge about EEMs cause building owners to question whether 99 implemented EEMs will perform as intended and whether users/staff will be able to operate 100 and maintain the building as intended (Choi 2009 
LOAN UNDERWRITING FOR ENERGY-EFFICIENCY INVESTMENTS 139
We conducted over 30 semi-structured interviews of 30 minutes to 2 hours long. 140
Interviewees included a range of US-based companies and organizations involved in the 141 development of commercial buildings. The objectives of the interviews included learning 142 how current commercial-loan underwriting is done for EE investments in commercial-143 building developments, retrofits, and operations. 144
145
We learned from the interviews that for capital improvements (incl. energy retrofits) in the 146 commercial sector, a loan as debt capital is the conventional method of financing to raise 147 initial capital for the improvements. Loan payments are made over time using increased Net 148
Operating Income (NOI) realized presumably by lower expenses (lower utility bills) and/or 149 higher income (higher rents) thanks to the EE investment. 150 151 underwriting loans, they evaluate: (1) the initial cost and (2) the operation and maintenance 153 (O&M) costs over a loan period: 154  Initial cost refers to the initial investments, commonly expressed as incremental costs 155 compared to the baseline (typically designed to meet minimum code requirements) 156  O&M costs include energy costs over a target period (e.g., 10 or 15 years). 157
158
The initial investment to fund an energy retrofit is usually rolled over into a long-term 159 commercial loan at the project's completion, with a typical loan period of 10 to 15 years. 160
161
The loan underwriting process consists of lenders preparing documents in order to determine 162 if a specific loan meets their investment-and risk criteria. Underwriters are vetting: 163
(1) whether or not to extend a loan, and (2) the cost of borrowing based on risk evaluations. 164 165 Lenders focus on assessing risks. A metric used in commercial loan underwriting is NOI of 166 the property. NOI is calculated as gross revenue minus operating expenses, with the latter 167 including energy costs. Using this metric, underwriting then involves evaluating the debt 168 service coverage ratio (DSCR) and the loan to value ratio (LTVR) (Muldavin 2010 ). These 169 ratios are important in assessing risk of a deal, because borrowers are assumed to be 170 increasingly likely to default on their mortgage payments as the DSCR and LTVR approach 171
172
 The probability of default is indicated by the DSCR: 173
The DSCR is a particularly important ratio during underwriting, because the net savings from 178 EE investments determine the DSCR in terms of the difference between NOI increase and 179 loan payments. The net saving is a buffer (Figure 1 ) to absorb impact of variation, stemming 180 from the building-performance risk, especially if the NOI increase were to fall short of what 181 is expected. It also drives the calculation of DSCR to be used in the loan underwriting 182 process (Lee et al. 2012b ). In other words, if the target NOI increase is not achieved, the 183 buffer acts to absorb its impact so that the borrower can continue to make loan payments. If 184 the NOI increase is smaller than the loan payment (i.e., the buffer is used up), the borrower 185 will likely have difficulty making loan payments. Input parameters for ERLAM include interest rates, cap rates, a loan period, and a discount 211 rate. For the case project, we set the loan period equal to 15 years-which corresponds to the 212 actual loan period determined for the project-and assumed a discount rate of 5% for NPV 213 calculations, considering the very low level of current mortgage rates (the cost of borrowing). 214
Risk ratings based on evaluating LTVR and DSCR determine interest rates and cap rates. 215
Learning from a few trials that 5,000 runs would produce narrow confidence intervals for the 216 simulation, we determined to have ERLAM set to run 5,000 samples. 
PROJECT-COST RISK 253
We assumed PERT-Beta as the probability density function (PDF) for the project-cost risk 254
(note that users of ERLAM will have to select the PDF of input parameters). We set the high 255 end of the range to be +50%, and the low end of the range to be -20%. That is, the minimum 256 of the PDF is set at $128,264, -20% of the initial cost estimate, and the maximum at 257 $240,495, +50% of the initial cost estimate. We considered the initial cost estimate to be the 258 mode of the PDF. This range from -20% to +50% is wide enough to conduct a sensitivity 259 analysis of the project-cost risk. 260
261
We used a total of 8 scenarios (from -20% to +50%, in 10% increments) to conduct a 262 sensitivity analysis of the project-cost risk on the NPV of the net savings. Each scenario has 263 different loan sizes. Each scenario therefore leads to different LTVRs and DSCRs, because 264 the formula for LTVR contains the loan size in the numerator, whereas the formula for 265 DSCR contains loan payments in the denominator. 266 267
OPERATIONAL-PRACTICE RISK 268
The operational-practice risk can be based on energy-simulation models or historical data. 269
Given that simulation is commonly used to evaluate options for design decision making 270 (Table 3) . 278 279 <Table 3 goes here> 280
281
Based on the simulation data (Table 3) , we assumed that the operational-practice risk has the 282 following range: 283  15% less consumption as 'good practice' 284  0% (no deviation from the intended energy saving) as 'average practice' 285  25% more consumption as 'poor practice' 286 287 and 'poor practice,' the building has the capability to run at a 'good practice' level, but runs 289 less efficiently due to poorer facility management or unanticipated building uses. 290
291
Per the recommendation of the research collaborators, we used lognormal as the PDF for the 292 operational-practice risk. We considered 'good practice' to be the 5th percentile, 'average 293 practice' to be the mean, and 'poor' practice to be the 95th percentile (PERT-Beta might 294 have been another choice to model this PDF, but we did not investigate this further). We used 295 a total of 9 scenarios (from -15% to +25%, in 5% increments) to conduct a sensitivity 296 analysis of the operational-practice risk on the NPV of the net savings. 297
298
INTEREST RATES AND CAPITALIZATION RATES 299
To test ERLAM, we used one lender's risk ratings that govern their loan interest rates and 300 cap rates. This lender's rating system uses a scale of 1 to 7, with '3' representing a strong and 301 attractive deal while '4' representing an acceptable deal (Table 4) . To represent the impact of 302 risk ratings, we assumed the rating of '3.5' as input to ERLAM. Table  4 Table 4 for the computed LTVR and the DSCR to look up the risk rating and the 320 corresponding interest rate offered and the cap rate applied. Based on the LTVR of 321 26.17% and the DSCR of 2.34, the risk rating of '3' is selected, and the interest rate 322 of 5.5% and the cap rate of 6%, which are assumed (step 2), are now confirmed. 323
324
One can perform the same computation for other scenarios. If the computed LTVR (step 5) 325 and the DSCR (step 6) lead to a different risk rating (step 7) than the one assumed (step 2), 326 then one must look up the new risk rating in Table 4 Table 5 shows that as the project cost increases, the lender will increase the risk rating, which 336 in turn means the lender applies a higher cap rate and interest rate. Accordingly, project-cost 337 overruns not only increase the required loan size, but also increase the cost of borrowing. 338
Thus, the increased likelihood of project-cost overruns will make the business case for the 339 HVAC upgrade increasingly less attractive (note that the borrower will eventually be 340 responsible for any cost overruns during construction). 341
342
SIMULATION RESULTS 343
Simulation results from ERLAM include a sensitivity analysis of the two input variables to 344 the output, i.e., the NPV of the net savings. The sensitivity analysis can be translated to 345 determine the target-building performance and the allowable cost in order to support the 346 target-setting practice. In retrospect, it is logical that the operational-practice risk has more impact on the NPV than 374 the project-cost risk has. The operation and maintenance costs for the life of a commercial 375 office building is estimated to be about five times greater than the design and construction 376 costs (Evans et al. 1998 ). This finding emphasizes the importance of building-performance 377 management relative to project-cost management, though both are important. 378 379 <Figure 4 goes here> 380
381
DETERMINING THE TARGET BUILDING PERFORMANCE 382
The findings from the sensitivity analysis inform setting the target building performance. If 383 one assumes that the borrower and lender want a low default risk (note that different 384 borrowers and lenders use different risk evaluation criteria), then the target building 385 performance has to be set at a maximum of 5% of the energy-consumption rate (the abscissa 386 of Figure 4 ), because at that point the default rate is no longer around 0% (as it was for the 387 energy-consumption rate up to 5%), but begins to increase (± some variation that is not 388 shown here). Given the parameters of the lognormal distribution we used to characterize the 389 operational-practice risk, the 5% mark falls at the 75 th percentile of the distribution. The analysis implies that lenders and borrowers have to carefully evaluate various types of 426 energy-related uncertainties. Commercial lenders must be able to effectively finance energy 427 retrofits, and borrowers and lenders must start collaborating from the early stages of project 428 development onward. In that regard, the target-setting practice can help project parties gain 429 greater understandings of feasible loan sizes and terms before moving to design 430 development. We think that this practice supports commercial underwriting by lowering 431 financial barriers. 432
433
We acknowledge that the study presented in this paper has its limitations. 
LIST OF FIGURES
LIST OF TABLES
